28. The method/of c,a im 20 wherein the annealing comprises 
.hermal processing at .ILra.ure of less .han 1100'C for a time of at 


least 3 seconds. 
\ 


10 
11 
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13 
14 
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A method of forming a transistor, comprising: 
forming a gate oxide layer over a semiconduc.ive substrate, the 
gate oxide layer comprising si.icon dioxide; the gate oxide ,ayer having 
' I an upper surface and a lower surface- 
exposing ,he gate oxide layer ,o activated nitrogen species from a 
nitrogen-containing p.asma to introduce nitrogen into the gate oxide layer 
and form a nitrogen-enriched region, the nitrogen enriched region being 
only in an upper half of the gate oxide layer; 

•hermauy annexing t he nitrogen within the nitrogen-enriched region 
•o bond a, leas, a majority of the nitrogen to si.icon proximate the 
nitrogen; the nitrogen-enriched region remaining confined ,o the upper 
half of the silicon-oxide-containing Iay er during the annealing; 

forming a. leas, one conducive layer over, .he ga.e oxide .ayer; 


forming source/drain regions within the semiconducive subs.ra.e; 
•he source/drain regions being gatedly connec.ed .o one ano.her by .he 
conductive layer. 
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The method of claim 29 wherein the nitrogen-enriched region 
is formed only in the upper third of the silicon-oxide layer by the 


exposing. 


i 


The method of claim ^wherein the nitrogen-enriched region 
is formed only in the upper third of the silicon-oxide layer by the 
exposing and remains confined to the upper third of the silicon-oxide 
containing layer during the annealing. 

yi. The method of claim jtf wherein the layer is maintained at 
a temperature of less than 400°C during the exposing. 

The method of claim ^^wherein the plasma is maintained 
with a power of from about 500 watts to about 5000 watts during the 
exposing. 

^ if 

/ft. The method of claim / 29 wherein the exposing occurs within 
a reactor, and wherein a pressure within the reactor is from about 
5 mTorr to about 10 mTorr during the exposing. 


^35. The method of claim ^/wherein the exposing occurs for a 
time of less than or equal to about 1 minute. 
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The method of claim 2^ wherein the annealing comprises 
thermal processing at temperature of less than 1100°C for a time of at 
least 3 seconds. 


The method of claim 29 wherein the conductive layer is 
formed on the gate oxide. 


The method of claim 29' wherein the conductive layer is 
formed after the annealing. 


y$9. The method of claim 29 wherein the source/drain regions are 


formed after the annealing. 


^€f. The method of claim p*/ wherein the conductive layer and 
source/drain regions are formed after the annealing. 
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CLAIMS: 



a silicon-oxide- 


1. A method of incorporating nitrogen 
containing layer, comprising: 

exposing the silicon-oxide-containing layer/ to activated nitrogen 
species from a nitrogen-containing plasma to introduce nitrogen into the 
layer; the layer being maintained at less th^n or equal to 400°C during 
the exposing; and 

thermally annealing the nitrp^eiy within the layer to bond at/least 

some yof^the nitrogen to silicofif plr^mate the nitrogen. 

/ 

The method hi claim 1 wherein the lay^r is maintained at 
a temperature of from/50°c/ttf 400°C during wt exposing. 



The method /o/ claim 1 wherein the plasma is maintained 
with a power of £rom jaXfoui 500 watjs to about 5000 watts during the 
exposing. 


4. The merhod of claim 1 wherein the plasma is maintained 
with a power of/ from about 500 watts to about 3000 watts during the 


exposing. 
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5. The method of claim 1 wherein the exposing occurs within 
a reactor, and wherein a pressure within the reactpT is from about 
5 mTorr to about 10 mTorr during the exposing. 

6. The method of claim 1 wherein Jfae exposing occurs for a 
time of less than or equal to about 1 minut 

7. The method of claim 1 ^herein the exposing Recurs for a 
time of from about 3 seconds to/abapt 1 minute. 

8. The method of cla/mf 1 wherein th/ exposing occurs for a 

time of from about 10 seconds /to about 15 seconds. 

/ / / 
' / / 

9. The metliod oj claim 1 wherein the annealing comprises 

rapid thermal processing at a ramp /ate of at least about 50°C/sec to 


/ 


a temperature of less /than 1000°C, with such temperature being 

maintained for at/ least /abouL^Hf seconds. 

// 

10. The method of claim 1 wherein the annealing comprises 
thermal processing/at temperature of less than 1100°C for a time of at 
least 3 seconds. / 

/ • 
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11. A method of forming a nitrogen-enriched/region within a 
silicon-oxide-containing layer, comprising: 

providing the silicon-oxide-containing layer/over a substrate; the 
layer having an upper surface above the subs/te and a lower surface 
on the substrate; 

exposing the layer to activated m^gen species from a nitrogen- 
containing pl asma to introduce njM^n into the layer and form a 
nitrogen-eoriched region, J UoJ e nriched region being Qn , y jn an 
upper half of the silicon/xide-containing layer; and 

thermally anneal^'the nit/gen within the nitrogen^icied region 
to bond a. leas. soJJ o{ the /.rogen to silicon pfe^e the nitr0 g en; 
the nitrogen-enrich^ region/emaining confined the upper half of the 
silicon-oxide-coni Jng ijr during the addling; the thermal annealing 


comprising eitffer 
1100°C for a^time 
at a ramp kkte of 


1) thermal proving at a temperature of less than 
ofyft least^conds, or (2) rapid thermal processing 
le^bout 50°C/sec to a process temperature of 


less than/l^00°C,yvith the process temperature being maintained for at 
least abtfuf 30 seconds 

/// 

Iff The method of claim 11 wherein the nitrogen-enriched region 
is formed ^nly in the upper third of the silicon-oxide layer by the 
exposing. 
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13. The method of claim 11 wherein the nitrogen/enriched region 
is formed only in the upper third of the silicon-ofxide layer by the 
exposing and remains confined to the upper - thipa of the silicon-oxide 
containing layer during the annealing. 

14. The method of claim 11 wherein the nitrogen-enriched region 
is formed only in the upper foj^rfh /of the silicon-oxide layer by the 
exposing and remains confined to the upper fourth of the silicon-oxide 
containing layer during mt annealing. 

15. The n>ethod of ^mim 11 wherein the nitrogen-enriched region 
is formed only/ in the' yfyper fifth of the silicon-oxide layer^ 


exposing and/ remaii 


fined to the upper fifth o^fhe silicon-oxide 


containing rayer during the annealing 



16/ Thi method of claim 11/wherein the layer is maintained at 

/ 7 ' 

a temperature of less \ than 400^e during the exposing. 


L7/ The method of claim 11 wherein the plasma is maintained 

/ 

with a power of from about 500 watts to about 5000 watts during the 
exposing. 
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18. The method of claim 11 wheptfin the expofrifig occurs within 
a reactor, and wherein a pressure/within the/feactor is from about 
5 mTorr to about 10 mTorr duping thrf e^ffosing. 

19. The method ot cl^m 11 wlT^feTn the exposing occurs for a 
time of less than or eajjgj^to about 1 minute. 

^20. A method of forming a transistor, comprising: 
forming a gate oxide layer ojver a semiconductive substrate, the 

gate oxide layer comprising silicon dioxide; 

exposing the gate oxide layer to activated nitrogen species from a 

nitrogen-containing plasma to introduce nitrogen into the layer, the layer 

being maintained at less than oy equal to 400°C during the exposing; 

thermally annealing the/rfyrogen within the layer to bond at least 

a majority of the nitrogen to^mcon proximate the nitrogen; 

forming at least one conductive layer over the gate oxide; and 
forming source/drain regions within the semiconductive substrate; 

the source/drain regions bding gatedly connected to one another by the 

conductive layer. / 

21. The method I of claim 20 wherein the conductive layer is 
formed on the gate oxide. 
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22. The method of 


formed after the annealing. 


23. The method of c 


formed after the annealing. 


claim 20 wherein the conductive layer is 


aim 20 wherein the source/drain regions are 


24. The method of claim 20 wherein the conductive layer and 
source/drain regions are formed after the annealing. 

25. The method of claim 20 wherein the plasma is maintained 
with a power of from about |^00 watts to about 5000 watts during the 
exposing. 

26. The method of/ c aim 20 wherein the exposing occurs within 
a reactor, and wherein a p essure within the reactor is from about 
5 mTorr to about 10 mTorr qm^g th e exposing. 

27. The method of cla|im 20 wherein the exposing occurs for a 
time of less than or equal to ibout 1 minute. 



22 
23 
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41. A transistor structure, comprising: 
a gate oxide layer over a semiconductive substrate, the gate oxide 

layer comprising silicon dioxide; the' gate oxide layer having a 
nitrogen-enriched region which is only/in an upper half of the gate oxide 
layer; 

at least one conductive layefr over the gate oxide layer; and 
source/drain regions witnin the semiconductive substrate; the 

source/drain regions being/ gatedly connected to one another by the 

conductive layer. 

42. The st<ructu/<£ of claim 41 /^herein the conductive layer 



comprises conductively-xibped .silicon 


43. The stmgture of /claim 41 wherein the conductive layer 


comprises p-type conjductiyefy-doped silicon 


44. The/ structure of claim 41 wherein the nitrogen-enriched 


region is on 


y/in Ahe upper third of the gate oxide layer. 


45. /The structure of claim 41 wherein the nitrogen-enriched 
region is cmly in the upper fourth of the gate oxide layer. 
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46. The structure of claim 4l/herein the nitrogen-enriched 
region is only in the upper ftfdftf t/gate oxide layer. 


47. The structure ofMm 41 wherein the^te oxide layer is at 
least about 5A thick/ai^ region fa oniy 

in the upper 50% (^M gate oxide layer. 
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